Background: Vitreous degeneration begins soon after birth and accelerates throughout life. Vitreous liquefaction with a slowly progressive separation of the posterior hyaloid from the peripheral macula usually leads to complete posterior vitreous detachment. The purpose of this study is to measure the age-related prevalence of partial vitreous separation and the length of residual vitreous adhesion in an ophthalmology clinic population. Methods: Patients examined by the senior author (MWS) during a 6-month period were included in a retrospective chart review. Demographic data and spectral domain optical coherence tomography scan results were gathered. Data analysis with descriptive statistics focused on the prevalence and extent of partial vitreous separation. Results: The mean age of the study patients was 69.9 years, and 62% were phakic. The highest prevalence of partial posterior hyaloid separation from the internal limiting membrane (71.2%) was seen in the 50-to 54-year age group. This prevalence rate steadily decreased to 5.6% in the 95-to 99-year age group. The prevalence of complete vitreous detachment as determined by slit-lamp biomicroscopy increased from 1.7% in the ,50-year age group to a maximum of 29.2% in the 75-to 79-year group. The length of vitreomacular adhesion averaged 4.6 mm in the 50-to 54-year age group and steadily decreased to 2.1 mm in the 90-to 95-year group. Conclusion: Vitreomacular separation affects the majority of eyes in the sixth decade of life. The prevalence of partial vitreous separation decreases with advancing age, probably because an increasing number of these patients progress to complete posterior vitreous detachment.
Introduction
The vitreous humor (volume of ~4 mL in an adult) comprises the majority of the eye's volume 1 and is responsible for several visually debilitating conditions such as retinal tear and detachment, macular hole, macular pucker, and vitreomacular traction (VMT). The vitreous has a uniform gel-like consistency at birth, but liquefaction begins soon thereafter, with pockets of aqueous fluid appearing by the age of 4 years. 2 As aging continues, the loss of type IX collagen increases the surface area on sticky type II collagen fibrils and allows them to fuse when they come into contact. 3, 4 Collagen aggregation promotes vitreous liquefaction, resulting in pockets of aqueous fluid, most of which are situated within the central vitreous, while others lie adjacent to the posterior hyaloid membrane. The collagen fibers that attach the posterior hyaloid surface to the internal limiting membrane (ILM) also slowly degenerate with advancing age. 5 Twenty percent of the vitreous is liquefied by the age of 18 years and 50% by the age of 80-90 years. 6 Vitreous liquefaction, together with weakening of the adhesion between the posterior hyaloid and the ILM, promotes posterior vitreous detachment (PVD).
Investigators using funduscopic evaluations reported that the prevalence of PVD was 50% in patients over the age of 50 years and 65% in patients over the age of 65 years. 7 Subsequent histologic analyses challenged the validity of these findings 8 and called into question the accuracy of funduscopic examination because many eyes diagnosed with PVD actually had vitreous schisis with preretinal bursae that had been mistaken for posterior hyaloid separation. 9 The introduction of optical coherence tomography (OCT) has given us a deeper understanding of vitreoretinal interface (VRI) abnormalities. Spectral domain optical coherence tomography (SD-OCT) accurately visualizes the VRI with an axial resolution of 3-6 µm. High-resolution, cross-sectional images show that vitreous detachment is a gradual, stepwise process that begins in the peripheral macula. This slowly extends posteriorly to involve the fovea and often culminates with sudden, complete release from the fovea and disc, thereby clinically presenting as a PVD. 2 The extent of shallow detachment between the posterior hyaloid and the central 6 mm of the retina's ILM can be accurately measured with SD-OCT. The limitations of OCT imaging become apparent, however, when we attempt to distinguish complete PVD, where the separated posterior hyaloid often lies .2 mm above the ILM and is outside the range of the OCT image, from no detachment. 10 In these eyes, clinical examination of the vitreous together with B-scan ultrasound is necessary to diagnose a complete PVD.
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The prevalence of PVD increases with age, but the extent of partial vitreous separation in different age groups is still under investigation. 12, 13 This issue becomes clinically important because a partially detached vitreous can exert traction on the ILM and cause ILM damage that leads to macular pucker and macular hole. VMT alters the severity of chorioretinal vascular conditions such as diabetic macular edema 14, 15 and neovascular age-related macular degeneration [16] [17] [18] [19] and limits the effectiveness of pharmacologic treatment with drugs that inhibit vascular endothelial growth factor. 20 Pharmacotherapy to hasten vitreomacular separation had been developed to treat symptomatic VMT. The intravitreal injection of ocriplasmin (Jetrea ® ; ThromboGenics, Leuven, Belgium) cleaves remaining vitreoretinal adhesions and restores macular anatomy and function in some symptomatic eyes. 21 The present study was conducted to determine the prevalence of vitreomacular adhesion (VMA) in a large clinic population.
Methods
This retrospective chart review was approved by the Mayo Clinic Institutional Review Board. For this retrospective study, the Mayo Clinic Institutional Review Board did not require patient consent. All data was de-identified. All patients examined by one of the authors (MWS) between January 1, 2013 and June 30, 2013, were identified from the electronic scheduling calendar, and data from the electronic medical record were evaluated for the study. Exclusion criteria included previous pars plana vitrectomy, high myopia (.6 D), history of uveitis, and unavailability of evaluable OCT images. Patients who were evaluated more than once during the study period were counted only once for the overall VMA.
Patient identification and clinical data
Demographic information on each patient was obtained from the medical record and tabulated for analysis. Identified clinical data included the following: best-corrected visual acuity; intraocular pressure; slit-lamp examination of the anterior segment; lens status (phakic, aphakic, pseudophakic) including the location of any intraocular lens (anterior or posterior chamber); biomicroscopic examination of the vitreous optic disc, macula, and retinal vessels; and indirect ophthalmoscopic examination of the peripheral retina.
The vitreous was examined with slit-lamp biomicroscopy using a 78 or 90 D handheld condensing lens. The vitreous was characterized as either completely detached or attached, based on the presence or absence of a partial or complete Weiss ring. The biomicroscopic status of the vitreous was correlated with the results of the OCT scan, and inconsistencies, though rare, were reconciled by the investigators.
Optical coherence tomography
Throughout the study period, all patients not previously seen in the Department of Ophthalmology by one of the authors (MWS) within the previous 6 months were routinely evaluated with SD-OCT (Cirrus ® ; Carl Zeiss Meditec AG, Jena, Germany). For patients seen more than once during the study period, usually at least one set of scans were performed with additional scans performed at the discretion of the investigator, based upon the patients' diagnoses and need for treatments. Standard scanning protocols of both the macula and nerve fiber layer were performed.
Six-millimeter macular cube scans were used for evaluating patients. The state of the posterior hyaloid membrane on OCT was characterized by the presence or absence of separation from the ILM in any part of the horizontal foveal scan or vertical construct. Any observed separation of the vitreous from the ILM, either partial or complete, resulted in a characterization of partial vitreous separation or incomplete PVD. If the vitreous appeared to be completely separated from the ILM throughout the scan, an observation of Weiss 
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Vitreous separation from macula ring on the biomicroscopic exam was required before the eye could be characterized as having a complete PVD. Eyes with no vitreoretinal separation observed on OCT were characterized as having either complete PVD or completely attached vitreous, depending upon the biomicroscopic examination. B-scan ultrasonography was not part of the routine examination of these eyes.
The length of vitreoretinal separation on OCT in each eye was measured with electronic calipers. The lengths of vitreomacular separation on the horizontal scan and vertical construct were averaged to determine a single number. Because the strength of the VMA varies among common retinal conditions, and the degree of adhesion can affect disease severity and response to therapy, separate calculations were performed on eyes with age-related macular degeneration (which did not undergo intravitreal injections) and diabetic retinopathy (without previous laser photocoagulation), and eyes without retinal abnormalities.
Descriptive statistics, including mean and standard deviation, were calculated with Excel Microsoft Office 2013 software.
Results

Demographic data
Baseline demographic data can be seen in Table 1 . During the study period, evaluable data were collected on 1,436 unique patients. The mean age of the cohort was 69.9 years (standard deviation: 14.7) with 29.8% of patients under the age of 65 years. Mean intraocular pressures in the right and left eyes were 14.95 and 14.99 mmHg, respectively. Lens status reflected the age distribution of the population with 62.0% of eyes being phakic, 37.4% pseudophakic, and 0.6% aphakic.
Vitreous status
The status of the vitreous -attached, partial separation, and complete detachment -is summarized by 5-year increments in Table 2 . The prevalence of partial vitreous separation below the age of 50 years was 61.7%, and it peaked at 71.2% in the first analyzed 5-year interval (50-54 years). The prevalence of partial PVD then decreased steadily through each 5-year interval until reaching 5.6% in the 95-to 99-year group.
The prevalence of no vitreous separation, calculated by the formula: (all eyes -partial separation -PVD by biomicroscopy)/ all eyes, was 36.7% in the ,50-year group, dropped to 20.3% in the 60-to 64-year group, and then steadily rose to 65.6% in the 85-to 89-year group, after which it remained at or .50%.
The prevalence of complete PVD (determined by biomicroscopy) rose from a low of 1.7% in the ,50-year group, to a high of 29.2% in the 75-to 79-year group, after which it decreased but remained .22%.
For all eyes with partial separation of the vitreous, the average length of vitreous attachment to the macula is listed by age groups in Figures 1 and 2 . The length of vitreous attachment decreased from a high of 4.6 mm in the ,50-year age group to 2.4 mm in the 95-to 99-age group. A trend-line (calculated by linear regression) is shown in Figure 2 . This shows that the average length of VMA decreases by an average of 0.045 mm per year after the age of 50 years.
Special subgroups
Patients with normal retinas, macular degeneration, and diabetic retinopathy were evaluated for partial vitreoretinal separation (Figure 3) . Patients with macular degeneration resembled those with normal retinas, but there was a nonstatistically significant trend for greater vitreoretinal adhesion in patients with diabetic retinopathy.
Discussion
Few studies have documented the age-dependent separation of the posterior hyaloid from the ILM of the retina.
12,13 Our study evaluated a large group of patients, but it was neither randomized nor does it represent the general population. Our cohort excluded patients below the age of 14 years (because of the practice composition), so the pediatric population, a demographic in whom the vitreous is usually completely attached, is underrepresented. The population served by the author's practice has a large number of 
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Syed and Stewart patients with vitreoretinal conditions such as age-related macular degeneration, diabetic retinopathy, and epiretinal membranes. This cohort, therefore, is biased toward conditions with retinal pathologies. Our study showed a remarkably high (71.2%) prevalence of partial vitreous separation in the 50-to 54-year group. This decreased steadily through successive age groups, consistent with the notion that the vitreous completely separates at an increasing rate in populations over the age of 50 years. The proportion of patients in our study with partial vitreous separation differs from that reported by Itakura and Kishi. 13 For patients in each of the 50-to 59-, 60-to 69-, 70-to 79-, and 80-to 89-year age groups, our proportions with partial vitreous separation were considerably higher than theirs (64.4% vs 40%, 51.1% vs 30%, 
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Vitreous separation from macula 32.5% vs 10%, 18.0% vs 2%). The reasons for these differences are unclear but may include the racial compositions of the cohorts, the health of the cohorts (clinic population vs healthy volunteers, general ophthalmology/vitreoretinal practice vs healthy volunteers), and the sizes of the cohorts (1,436 vs 368). Itakura and Kishi did not describe the phakic status of their cohort, but 38% of our patients had previously undergone cataract extraction. Since their cohort was composed of volunteers and ours was a clinic population (many of whom had already undergone cataract surgery), this may have contributed to the higher separation rates seen in our study. Itakura and Kishi used the presence of premacular bursae to rule out complete PVDs. They reported a high incidence of complete vitreous detachment (80%) in patients over the age of 80 years but did not use B-scan ultrasonography to verify this number. Nonetheless, this is probably closer to the actual prevalence of complete PVD than we determined in our retrospective series. Our data prevent us from accurately determining the prevalence of PVD in the older age groups. But if we compare our 80-to 84-year group to the 50-to 54-year-old group and assume that the differences in partial vitreomacular separation represent progression to complete PVD, we can estimate that .70% of our 80-to 84-year-old patients had complete PVDs. This number is very close to that reported by Itakura and Kishi. 13 A large prospective study of 2,198 subjects detected higher rates of partial vitreous separation. 12 In the 50-to 59-, 60-to 69-, 70-to 79-, and 80-to 89-year age groups, ~85%, 61%, 30%, and 29% of patients had partial vitreous separation. Common to all three studies is the detection of higher rates of partial separation in the younger group (50-59 years), which decreases with advancing age. This is presumably because most of these eyes eventually progress to complete PVD.
The decreasing prevalence of partial separation with advancing age in our study was initially accompanied by an increase in the prevalence of complete PVD, from 1.7% in the ,50-year group to 29.2% in the 70-to 74-year group. Counterintuitively, the prevalence of PVD then dropped to 22.6% in the 90-to 94-year group. Prospective studies of PVD have used both clinical examination and B-scan ultrasound to make this diagnosis. Many authors contend that ultrasound is necessary to correctly diagnose a PVD, since the predominantly transparent posterior hyaloid can be easily missed by clinical examination, thereby underestimating the true prevalence. 11, 22 Confirmatory ultrasound was not used in our study, and this probably affected the PVD prevalence rates we discovered, particularly for the 75+-year age groups. Younger patients generally have minimal cataracts and clear media, which makes for more accurate biomicroscopic evaluation of the vitreous. In advancing age groups, cataracts develop and vitreous syneresis progresses, thereby making accurate assessment of the posterior hyaloid more difficult. Additionally, the increasing prevalence of previous cataract surgery with accompanying capsular opacification and retained intracapsular lens material makes sensitive visualization of the posterior segment more difficult. We believe that these factors contributed to our underestimating the prevalence of PVD in the advancing age groups and may explain the decreasing prevalence of PVD in our study after the age of 74 years.
Our study was conducted over a 6-month period and is more representative of a snapshot of the posterior hyaloid in a clinic population rather than a longitudinal study. A trendline showed a decrease of 0.045 mm per year in the length of VMA throughout the cohort. Unfortunately, this is not a longitudinal study, and we cannot use this trend to accurately extrapolate the progression rate of posterior hyaloid separation. However, we can use the data from the different age groups to create a rough estimation for the fastest possible progression of posterior hyaloid separation. If we assume that the initial PVD prevalence in the 50-to 54-year age group is accurate and that all patients in the 85-to 89-year group have either partial or complete PVD, then 87% of patients would have developed PVDs during the 35-year aging period. Equally distributed, this means that a maximum of 2.5% of patients over the age of 50 years could develop a PVD each year.
The widespread adoption of SD-OCT together with the introduction of pharmacologic vitreolysis with ocriplasmin has increased interest in VRI abnormalities such as symptomatic VMT. The average age of patients treated with ocriplasmin is 68 years. 23 We found a partial vitreomacular separation prevalence of 44.7% in the 65-to 69-year group, which is well above that of the 80+-year age groups but significantly below the rate of the 50-to 54-year group. We believe that in patients who develop vitreoretinal separation at a younger age, adhesions are weaker between the posterior hyaloid and ILM, and therefore, they separate completely rather than developing symptomatic persistent traction. Patients who develop vitreomacular separation later in life may have greater adhesion strength. We propose that symptomatic VMT peaks in the seventh decade because a relatively high (though dwindling) number of patients have still not developed PVD and the remaining patients without PVD possess an increased adhesive strength. Our data also suggest a trend toward later vitreomacular separation in patients with diabetic retinopathy, consistent with the widely held belief that the posterior hyaloid in diabetic patients adheres more strongly to the ILM.
We found that the average length of attachment between the posterior hyaloid and ILM decreases with age. This is consistent with the observation that vitreous detachment begins in the peripheral macula and spreads slowly over a period of years. 24 More elderly segments of the population have higher prevalences of complete PVDs, and those without PVDs have probably been experiencing progressive vitreoretinal separation for longer periods of time. Therefore, the smaller number of patients without PVD have shorter average lengths of persistent adhesion.
This study provides a cross-sectional view of vitreoretinal separation in a clinic population and suffers from several weaknesses. This retrospective study is plagued with all of the weaknesses associated with this methodology. Data regarding axial lengths are not available. Though we are confident about the accuracy of partial vitreoretinal separation as shown by SD-OCT, the prevalences of no vitreous separation and complete vitreous detachment in the older population groups are not accurate. B-scan ultrasonography would have improved the accuracy of the complete PVD data, but ultrasound is rarely used to evaluate vitreous detachment outside the confines of a prospective study.
Conclusion
In summary, we have found that the prevalence of partial vitreous separation peaks no later than the sixth decade and the average length of residual vitreoretinal adhesion follows a similar pattern. We suspect that patients with diabetic retinopathy may have stronger vitreoretinal adhesions, but larger studies are needed to confirm this. We believe that future prospective, population studies will better characterize the epidemiology and progression rates of vitreoretinal separation.
